The major components of the essential oil of Piper divaricatum from Marajó Island, PA, Brazil, were methyleugenol (63.8%) and eugenol (23.6%), which were identified by GC and GC-MS. Essential oils of Piper species from the Brazilian Amazon are rich in either mono-and sesquiterpenes or phenylpropanoids, as seen in this study. The oil was able to scavenging the DPPH radical, displaying an inhibition varying from 19% to 74%, with an EC 50 value of 16.2 ± 1.9 µg mL -1 . In the bleaching of βcarotene, the inhibition of the oil oxidation was 60.0 ± 2.7%. The oil gave minimum inhibitory concentrations for the fungi Cladosporium cladosporioides and C. sphareospermum of 0.5 µg and 5.0 μg, respectively. The oil also showed significant brine shrimp larvicidal activity (LC 50 , 38.8 ± 0.8 µg mL -1 ).
There are few studies on P. divaricatum. From the ethanol extract of plants used both medicinally and as an insecticide in Antioquia, Colombia, the 4,5dioxyaporphine alkaloids, γ-asarone and 4-hydroxy-2,5dimethoxy-allylbenzene were identified [2a] . The essential oil of a specimen collected in Guaramiranga, Ceará State, Brazil, contained the terpenes, α-pinene, β-pinene, linalool, (E)-caryophyllene and (E)-muurola-4(14),5-diene as its main constituents [2b] . Seasonal and circadian studies of the essential oil of a specimen collected in Breves, Pará State, Brazil, showed the phenylpropanoid compounds, methyleugenol and eugenol, as its principal volatile compounds [2c] . Hierarchical cluster analysis of eleven samples of leaves of P. divaricatum resulted in two chemical types: methyleugenol and eugenol, and elemicin [2d] . As part of an ongoing project to survey the Amazon aromatic flora we report the essential oil composition, as well as the antioxidant, antifungal and larvicidal activities of the oil P. divaricatum.
The dried leaves and thin stems of P. divaricatum yielded 3.0% of an oil, the volatile constituents of which were analyzed by GC and GC-MS. Individual components were identified by comparison of both mass spectrum and GC retention data with authentic compounds, including those existing in the data system libraries and cited in the literature [3a,3b] . The main compounds were methyleugenol (63.8%) and eugenol (23.6%), followed by small amounts of β-elemene (2.8%), (E)-β-ocimene (1.7%), eugenyl acetate (1.7%) and β-caryophyllene (1.2%). Twenty-five constituents were identified, accounting for 99.1% of the oil (Table  1) .
Large quantities of phenylpropene derivatives have been found in the essential oils from Piper species occurring in the Brazilian Amazon: safrole in P. The oil was able to scavenging the DPPH radical, displaying a high dose-response (r 2 =0.85). The oil inhibition varied from 19% to 74%, at concentrations ranging from 5 to 30 µg mL -1 . The EC 50 value was 16.2 ± 1.9 µg mL -1 , calculated by linear regression (p<0.05), close to that of the standard antioxidant, trolox value (4.5 ± 0.1 µg mL -1 ) ( Table 2 ).
In the β-carotene bleaching assay, the reaction was monitored for 120 min and inhibition of oil oxidation was 60.0 ± 2.7%, about 80% of the inhibition value observed for Trolox (76.7 ± 0.9%) ( Table 2 ). The ability of the essential oil to protect the discoloration of β-carotene, in relation to Trolox and BHA, is seen in Figure 1 .
The fungicidal activity resulted from a test of direct bioautography, after nebulization of fungal spores. The test showed minimum inhibitory concentrations (MIC) for the fungi C. cladosporioides and C. sphaerospermum of 0.5 µg and 5.0 µg, respectively. The fungicidal activity of the oil against C. cladosporioides was comparable to that of miconazole (0.5 µg mL -1 ), used as a positive control.
The oil showed significant larvicidal activity against brine shrimp according to the method of Meyer and co-workers [5a] , who classified crude extracts and pure substances into toxic (LC 50 < 1000 μg mL -1 ) and nontoxic (LC 50 > 1000 μg mL -1 ). The larvae mortality of the oil (LC 50 , 38.8 ± 0.8 µg mL -1 ) was comparable to that of lapachol (LC 50 , 21.2 ± 2.2 µg mL -1 ), used as a cytotoxic standard (Table 3 ).
In agreement with our previous works, we have seen that species of Piper growing in the Brazilian Amazon yield essential oils rich in either phenylpropanoids or monoterpenes and sesquiterpenes. The essential oil of P. divaricatum, containing methyleugenol and eugenol as its major components, is further chemotaxonomic Plant processing: The leaves and thin stems of P. divaricatum were air-dried, ground and submitted to hydrodistillation using a Clevenger-type apparatus (100 g, 3 h). The oil was dried over anhydrous sodium sulfate. The moisture content of the sample was calculated after phase separation in a Dean-Stark trap (5 g, 30 min), using toluene.
Oil composition analysis:
The analysis of the volatile compounds was performed on a THERMO DSQ II GC-MS instrument under the experimental conditions reported earlier [6] DPPH radical scavenging assay: A stock solution of DPPH radical (0.5 mM) was prepared in methanol. The solution was diluted in methanol (60 µM approx.) to yield an initial absorbance of 0.62 ± 0.02 at 517 nm. The reaction mixture was composed of 1950 μL of DPPH solution and 50 μL of the sample, diluted with different proportions of methanol. For each sample, a methanol blank was also used. The absorbance during the reaction was measured every 5 min, starting at time zero for the first 20 min, and later at continuous intervals of 10 min, up to a constant absorbance value [7] . All experiments were carried out in triplicate. BHA (butylated hydroxyanisole) and Trolox (6-hydroxy-2,5,7,8- β-Carotene-linoleic acid assay: The ability of the extracts to prevent the bleaching of β-carotene was assessed as described earlier [8] . A stock solution of βcarotene-linoleic acid mixture was prepared as following: 0.2 mg of β-carotene was dissolved in 1 mL chloroform (HPLC grade) and 20 μL of linoleic acid and 200 mg of Tween 20 were added. Chloroform was completely removed using a vacuum evaporator. Then, 50 mL of oxygenated water was added with vigorous shaking. An aliquot of 2500 μL of this reaction mixture was dispensed into test tubes and 200 μL portions of the samples, prepared at 4 mg L -1 , were added and the emulsion system was incubated at 50°C. The same procedure was repeated with BHA, AA, Trolox and a blank (methanol). The absorbance of these solutions at 470nm was recorded and monitored at intervals of 15 min during 120 min. The antioxidant activity (AA%) was calculated in terms of percent inhibition relative to the control using the Equation: AA% = [A 0 -A 120 ]/[B 0 -B 120 ] x 100, where A 0 , A 120 , B 0 and B 120 are the absorbance of the sample and control at the beginning and end of the reaction.
Antifungal assay: About 10 μL of the oil solutions (corresponding to 100, 50, 25, 10, 5, 1, 0.5 and 0.1 μg) were applied to pre-coated TLC plates, which were developed with n-hexane/ethyl acetate ( . Experiments were conducted along with a control at different concentrations (1, 5, 10, 25, 50, 100, 250 , 500 e 1000 μg mL -1 ) in a set of 3 tubes per dose. The percentage lethality was determined by comparing the mean surviving larvae of the test and control tubes. Lethal concentration (LC 50 ) values were obtained from the best-fit line, plotting concentration versus percentage lethality, converted to Probitos values [5c].
Statistical analysis:
Samples were assayed in triplicate, and the results are shown as means ± standard deviation. Analysis of variance was conducted and the differences between variables were tested for significance by the one-way ANOVA with Tukey's post-hoc test using the Minitab version 14. Differences at p < 0.05 were considered statistically significant. The type of relationship between the variables was determined by simple regression analysis.
